Ascoli (1) attributed the immunity observed in certain experiments with anthrax to the antimetabolic action of immune serum on the bacilli, represented, in part, b y the inhibition of capsule formation. He was the first to use the term antiblastic immunity in this connection. Dochez and Avery (2) found that the earlier growth of pneumococcus in homologous antipneumococcic serum was inhibited by the serum. They estimated the degree of inhibition by plating out samples and counting colonies. They reported a further inhibition of the metabolic activities ,of pneumococcus by homologous serum as measured by the production of aminoacids and by the fermentation of glucose, saccharose, lactose, and inulin. The ~serum of patients at different stages of pneumonia infection showed a like inhibitory action on the digestion of protein and the fermentation of inulin. Blake (3) repeated the experiments of Dochez and Avery and extended them. He obtained, in part, similar results, but put a different interpretation on the findings. Since pneumococcus tends to grow in chains and clumps in homologous serum, a sample of such growths would give fewer colonies than the controls, even when the numbers of bacteria were exactly the same. Further, the clumped masses of bacteria tend to collect in the bottom of the test-tube, and the lack of diffusion of formed products would explain the results of Dochez and Avery in regard to the fermentation of sugars and the production of amino-acids. In cultures frequently ~shaken or grown in shallow layers of medium in flasks Blake obtained the same metabolic activities in homologous serum as in controls. Homologous sera ,deprived of agglutinins gave the same results as heterologous sera. He confirmed the observation of yon Dungern (4) that the liquefaction of gelatin by Staphylo~coccus aureus is inhibited by homologous serum, but, according to his observation this inhibition of liquefaction was not accompanied by a diminution of such metabolic activities as are essential to growth.
It seemed worth while to investigate further the possible inhibition of the growth of pneumococcus by homologous immune serum, with especial reference to the effect of the serum on the earlier genera-569 tions, by a method which allows a comparatively accurate measurement of the growth rate of bacteria. The problem of infection and resistance is complex, involving factors the action of which is still obscure; and if one possible factor should be demonstrated and prove to be measurable, or if it should be definitely eliminated, we would have an advance in our knowledge of the mechanism of immunity.
In addition to accuracy in measurement of growth rate, the use of the single cell method offers other advantages in this problem. Similar sowings, the immediate progeny of a single cell, may be employed for the test culture and the controls. Agglutination may be eliminated, in the earlier generations, at least. Further, it is possible that the use of single or few cells in culture experiments may more closely simulate the process of infection in nature.
The method of single cell culture as described previously (5) was employed in these experiments with some improvements and minor modifications to suit the problem and the organism studied. No especial difficulty was encountered in working with pneumococci. They were easily isolated and grew readily, and multiplication in hanging drops proceeded apparently at the same rate as in the test-tube.
In practically all the experiments in hanging drops described in this paper, controls were made under the same conditions, so that it was not necessary to ascertain exactly the normal growth rate of pneumococcus. However, it was found that some approximation of this growth rate would be convenient, especially in estimating the degree of lag, when such occurred. Many tests showed that with Type I and Type II pneumococcus, grown in hanging drops under the best conditions--a favorable medium and temperature, and seeding material taken in an actively dividing stage--the growth rate approximates one generation in 30 minutes. In a few instances growth was apparently more rapid, possibly a generation every 25 minutes, but this occurred in only a small minority of the tests. Single pairs sown in test-tubes of 5 or 10 cc. of serum broth gave approximately the same rate. Here the number of cells in the culture was estimated by means of the counting chamber. It is hardly practicable to estimate the minimum generation time by means of plating out methods, since at the period of growth when the chains are breaking up, one would get an apparent growth rate much more rapid than the real one. As the author has shown (6) , colon bacilli also break up into much smaller elements at a certain period of growth, so that the plating out method with bacilli also is subject to the same error. In this paper the generation time of 30 minutes is taken provisionally as the normal rate for pneumococcus.
Experiments with Immune Horse Serum in Hanging Drops.
The method and results of hanging drop experiments are best illustrated by protocols of one or two experiments.
A single pair of Pneumococcus Type I, grown for some time on artificial media, was sown in a hanging drop of blood broth. After about five generations had formed, single pairs of the progeny of this pair were sown in hanging drops of homologous highly immune horse serum of Type I and also in drops of highly immune horse serum of Type II and of normal horse serum, all diluted 1:52 in nutrient broth. The growth was studied in five droplets of the diluted homologous serum, four of the heterologous serum, and two of the normal horse serum, all on the same large cover-glass and under like conditions. After 170 minutes incubation the cells in the droplets were killed and stained by injecting a stain through a capillary pipette under microscopic control. A special fixing and staining fluid, made by adding medicinal methylene blue to a solution of potassium hydroxide immediately before use, was employed. The number of pairs present was determined with a ~ oil immersion lens, and the size of the organisms in the various droplets was compared and also compared with the size of the seeding pairs which had been noted at the time of inoculation.
In this experiment one pair in heterologous serum failed to grow. In all the remaining ten drops, including those containing the homologous serum, the amount of growth was almost exactly the same--slightly less than six generations--giving a growth rate of approximately 29 minutes. Therewas no greater tendency to lag in the homologous serum than in the controls.
In the experiment just described conditions were .favorable and growth proceeded at a geometrical rate and at approximately the maximum rate for pneumococcus in hanging drops. In a second experiment the conditions were somewhat different. Undiluted serum was used with just enough nutrient agar added to make a thin jelly, two parts of agar to six of serum. In preparing the seeding material a single cellwas isolated from a blood broth culture of Pneumococcus Type I, made from the blood of a pneumonia patient, and this cell was grown in a hanging drop of human blood broth to four generations. The cells formed adhered in a chain, and only four generations formed in 2 ½ hours, indicating that the pair sown was not actively growing at the time of isolation. This chain was broken up and distributed in drops of homologous and heterologous sera as shown in Table I . In this experiment growth evidently lagged and the cells stained irregularly, so that the number of generations could only be approximated, but there was apparently no greater inhibition of growth in the homologous serum than in the control.
The protocols given above are representative of many hanging drop'experiments. Sera were used undiluted and in dilutions up to 1 : 52. Dilutions were made in normal salt solution as well as in plain broth, glucose broth, and agar. Seeding material was taken from cultures long grown on artificial media, from infected human blood, and directly from the heart's blood of mice that had died of pneumococcus infection. In some experiments seeding material was taken at the height of growth, in others from a 22 hour culture, and in others from cultures at various other periods of growth. Lag and irregular growth occurred in some instances, especially when the seeding mateHal was old or when it was sown in undiluted or little diluted sera, but in all these experiments the controls showed the same degree of irregularity and inhibition of growth as occurred in the homologous serum. To sum up, the hanging drop experiments gave no evidence of a measurable inhibition of growth in homologous serum.
While the growth rate in homologous serum was apparently unaffected, the character of the growth was distinctly different from that observed in heterologous serum or in other controls. The cells early became invested with a thick capsule and grew in chains, which often intertwined and formed zooglea-like masses. It was sometimes necessary to disentangle these chains by means of a fine capillary point, in order to count the cells. The capsule formed also on cells which were isolated from old cultures and were apparently dead or, at all events, subsequently showed no growth in hanging drops. When sputum containing pneumococcus was incubated in a mixture of broth and homologous serum, these zooglea-like masses were distinctly seen, suggesting a possible means of early recognition of types of pneurnococcus in sputum. This type of growth can hardly be called agglutination in the strict sense of the word, but resembles zooglea formation. The thick capsules are probably concerned in the protection of the organism, and their formation may be analogous to the formation of capsules by many bacteria in the animal body.
Experiments with Immune Horse Serum in Tes~ Tubes.
If homologous immune serum causes no inhibition of the growth of pneumococcus during the first five or six generations, it is not likely that any inhibition would occur in later growth, except that in the later periods the clumping of the cells and localization in one part of the container might interfere with the free diffusion of nutrient material and waste products, and in this way interfere with the free growth of the cells. Nevertheless, it seemed important to investigate this matter, and experiments of the following type were performed. One or more pairs of pneumococci were inoculated into test-tubes containing 2 to 10 cc. of diluted sera. In the experiment given in Table II 1 per cent glucose broth was used to dilute the serum, since the clumps formed in homologous immune serum when diluted with this medium apparently disintegrate earlier than when the dilutions are made in plain broth, and the cells can therefore be more readily counted. In this experiment homologous and heterologous antipneumococcic sera were employed in a dilution of 1:26 in 2 cc. of broth. As a control, Tube 7, which contained 11 cc. of glucose broth plus 0.1 cc. of rabbit serum, was included. As seeding material we used the progeny of one pair of Type I pneumococci, grown for 2 hours in a hanging drop of rabbit serum glucose broth. At the end of this period sixteen pairs had formed. The cells were apparently in an active state of multiplication.
The number of bacteria was ascertained by counting the stained cells in a counting chamber. In Tube 1 chains and clumps appeared, so that only an approximate count could be made, but, since even an error of 100 per cent in counting would make a difference of only one generation, the error in the estimated generation time must be small. The growth in Tubes 3 and 4 was allowed to continue until the medium had become densely cloudy and the clumps had largely disintegrated. A more accurate count could then be obtained. In Tubes 3, 4, and 7, the growth had begun to lag on account of crowding before the count was made, so that the generation time is apparently greater in these tubes. All the cultures were well shaken at intervals after about 12 hours growth. Tube 2, containing Type II serum, showed cloudiness before any other. Otherwise the growth was ap- * The tubes were inoculated in the order given.
proximately the same in all the tubes containing immune serum. In the two tubes containing homologous serum in which growth occurred, the clumping ordinarily observed in such serum was manifest.
In the following experiment (Table III) the homologous and heterologous sera were diluted 1:10 in plain broth and 5 cc. quantities were used. The seeding material, Type I pneumococcus, was taken directly from a broth culture at the height of growth. The cells were isolated and each was separately transferred to the serum dilutions in the test-tubes. Six hanging drop cultures in plain broth were also made at the same time with cells isolated from the same source. In five of these cultures two generations occurred during the 1st hour of incubation,'and in one, one generation. It is probable therefore, that all cells sown into the serum dilutions were viable and actively growing. On account of the formation of large clumps in the homologous serum tubes, it was hardly practicable to estimate comparative amounts of growth either by counting or by the degree of cloudiness. In consideration of the smallness of the sowings, it is apparent that growth in the homologous serum suffered little if any lag. The number of successful growths in the homologous serum was nearly as great as that in the heterologous, three out of five in the one and four out of five in the other. * The tubes were inoculated in the order given.
In another experiment 10 cc. lots of broth plus homologous serum, diluted 1 : 50 and 1 : 100, were employed, and the growth in these was compared with the growth in similar quantities of the same broth without any serum. Sowings of one and two pairs were made. There was less lag in the tubes containing serum than in the plain broth tubes, probably entirely due to the presence of the serum. Clumping occurred in the 1:100 dilution but in less degree than in the 1 : 50 dilution. Growth was visible macroscopicaUy in both dilutions at the end of 15 hours, while the plain broth tubes were still clear 3½ hours later.
GROWTH RATE OF PiN-EUMOCOCCUS
In short, the test-tube experiments show that growth in homologous serum proceeds at nearly, if not quite the same rate as that in the heterologous serum in spite of the formation of clumps.
Action of Homologous Serum Plus Complement.
In the experiments described above no fresh complement was added other than that contained in blood or serum broth. In order to test the effect of homologous serum plus complement on growth rate, preliminary experiments were arranged in which varying amounts of fresh rabbit blood, fresh human blood, or rabbit blister fluid containing more or less active leucocytes were added to homologous serum. In these mixtures the homologous serum gave no indication of a greater power to restrain growth of pneumococcus than the controls.
Experiments in Vivo.
Intravenous Injection of Immune Serum.--It was then proposed to ascertain whether homologous serum acquired some growth-inhibiting substance through contact with animal tissues in vivo.
A normal rabbit, weighing 3,200 gin., was given intravenously 5 cc. of a Type I immune horse serum. 1 hour later the rabbit was bled from the ear. Before coagulation had taken place, part of the blood was diluted in plain broth, one part of blood to four of broth, and another portion was collected in a centrifuge tube, in order to obtain serum for the tests to be described later. To serve as controls, blood of the same rabbit taken immediately before the injection of the serum was similarly diluted, and, in addition, a second control was made by adding 0.5 cc. of the normal rabbit blood to 9 cc. of broth containing 0.5 cc. of the same Type I serum that was inoculated into the rabbit. The tubes were immediately transferred to the ice chest. A series of hanging drop cultures was made at the same time in the 1:5 dilutions of normal blood, in the blood taken after the serum injection, and in the mixture containing normal blood, immune serum, and broth. The inoculation of these drops was made with cells of Pneumococcus Type I taken from a young broth culture. After 2 hours incubation the growth formed was stained on the coverglass and the cells were counted under the ~ oil immersion lens. The results are given in Table IV . It is seen in Table IV that growth took place in a large proportion of the hanging drops, averaging about three generations in 2 hours. A varying amount of lag is shown, due possibly to unevenness in the sowing material, but, in the aggregate, growth was practically the same, in all the groups. The tendency to capsule formation, characteristic of growth in homologous serum, appeared in all except the controls in normal blood. The experiment was repeated on the same day, with actively dividing cells of like ancestry grown on the cover-glass as sowing material. The same 1 : 5 dilutions in broth of blood taken before and after immunization were employed, but plain broth was substituted for the control with normal blood plus homologous serum. Growth proceeded at nearly the normal rate for hanging drop cultures --three to four generations in 90 minutes. The rate of growth in the blood of the animal which had ~eceived immune serum was practically the same as that in the blood of the normal animal.
On the following day a comparison was made of the undiluted serum of the rabbit taken before and that taken 1 hour after injection of immune serum. Seven hanging drops were made of each, and sowings were made from an actively growing broth culture. The serum was undiluted except through the small amount of moisture of conden-sation present on the cover-glass. Plain broth controls were used. Growth occurred in all, with the exception of one broth control, but tended to lag in the undiluted serum. There was no measurable difference between the number of generations formed in the normal serum and in that obtained following the injection.
In order to compare the results obtained in hanging drops with those obtained in test-tubes an experiment was arranged with the same sera that were used in the last experiment. The sera were diluted in plain broth, 0.5 cc. of serum to 4.5 cc. of broth. Sowings were taken from a young plain broth Pneumococcus Type I culture, and, in order to get similar cells, one long chain of cocci was broken up to furnish the sowings. The results are given in Table V . ,, ++.
-++.
* The tubes were inoculated in the order given.
It will be noted in Table V that growth took place in all the tubes, with some lag in No. 3. However, in consideration of the variability of lag in test-tube experiments of this kind, whether immune serum is present or not, the lag in this tube can hardly be attributed to the presence of the homologous serum.
The experiments with the serum of the passively immunized rabbit were repeated with the serum of another similarly immunized animal, with especial attention to any inhibitory substance in the whole blood or undiluted serum. A 3,000 gm. rabbit was given intravenously 5 cc. of a potent Type I serum. 23 hours later a sample of blood was drawn from an ear vein into a capillary pipette, and, before coagaflation had taken place, was added to sowings previously isolated in minimum sized drops on the cover-glass. The sowings were taken from an actively growing rabbit blood broth culture of Type I pneumococcus. To serve as controls , a similar series of drop cultures was prepared on the same cover-glass with normal rabbit blood and rabbit blood broth. The Table VI .
Pneumoeoccus Type I.
results after 2{ hours incubation are given in As shown in Table VI all the droplets showed growth except one of the broth, and growth occurred in all at approximately the normal rate. The cells in the immune blood formed chains characteristic of growth in homologous serum, but showed no lag as compared with the controls.
Similar series of cultures were made in the whole blood of the same rabbit taken 1½ and 21 hours after the injection of serum. In neither series was there any evidence of inhibition of growth attributable to immune substances in the whole blood.
A series of test-tube experiments was then done with the whole blood, the serum, and the plasma of the immunized rabbit taken 3 days after the injection of the immune serum. Sowings of cells taken from an actively growing Type I broth culture were made into the bottom of dry test-tubes. Into each tube only a single chain was sown, the chains varying in length from four to seven pairs each. Only sufficient broth to expel the chains from the pipette, amounting in each instance to a single small droplet, was discharged into the tubes. Three of the tubes so prepared received 1 cc. each of whole uncoagulated blood, not citrated; three received 2 cc. each of fresh serum; three, 2 cc. of fresh plasma; and three, 2 cc. of rabbit blood broth to serve as controls. The next day growth was evident in all except the three which received the whole blood. The growth appeared in the coagulated plasma in the form of single colonies in two of the tubes and as two colonies in the third. The growth in the serum and plasma was plated out and proved to be pneumococcus. The failure of growth in the whole blood might be attributed to phagocytosis, judging from the positive results obtained in hanging drops, but of this there is no definite proof.
On the same day the growth in plasma, in undiluted serum, and in whole blood from the same rabbit was compared with the growth in rabbit blood broth in hanging drops in much the same way as in the experiment described in Table VI . Growth failed in one of seven plasma droplets and in three of seven whole blood droplets. In the whole blood there was some evidence of phagocytosis in three of the droplets in which growth failed or was deficient. Growth occurred in all the serum droplets and in the broth controls. In all four sets when positive results were obtained, the amount of growth was approximately the same.
In summ.arizing all the experiments done with homologous serum, whole blood, or rabbit blood plasma in vivo, we find no measurable influence of the immune serum on the growth rate of pneumococcus.
Action of Homologous Serum in Vivo, in the Peritoneum of the Mouse.
In a series of experiments a study was made of the behavior of pneumococcus in the peritoneal cavity of normal and immunized mice. Mice were passively immunized by means of the injection of measured amounts of immune serum at varying periods prior to the injection of the bacteria. Sometimes the same mouse was used repeat-edly for different experiments, so that it may have acquired some degree of active immunization by virtue of the repeated doses of bacteria. Cultures of differer~t degrees of virulence and at different stages of growth were compared, and various sized doses of cocci were given. The object of the experiments was to ascertain whether the disappearance of the pneumococcus in the peritoneal cavity of the immunized mouse is due in any measure to the humoral activity of the peritoneal fluid. The protocols of several experiments will illustrate the method and results.
A mouse was given intraperitoneally 0.2 cc. of Type I antipneumococcic serum, and 1 hour later received 0.1 cc. of a rabbit blood broth culture of Type I pneumococcus, also intraperitoneally. The Culture was the second transfer from the heart's blood of a mouse and had grown 15½ hours at high room temperature. It was very cloudy and contained mostly discrete pairs or short chains. A test of viability was made at the time of inoculation by sowing single pairs of cells into hanging drops of broth. Twenty-six out of twenty-seven of these pairs grew, but the early growth was at only about half the normal rate. So practically all the cells inoculated were viable but not at the full height of growth.
At the same time that the immunized mouse was inoculated, a normal control received exactly the same dose of the same culture.
Samples of peritoneal fluid were taken from both mice by means of capillary pipettes 1 hour and 10 minutes, 4 hours, and 6 hours and 10 minutes after the inoculation of the bacteria. Additional samples were taken from the immunized mouse at about 8 hours (7 hours and 55 minutes) and at 28 hours after inoculation. In the control mouse numerous leucocytes and numerous cocci, mostly in separate pairs, were found at all periods. Phagocytosis, if present at all, was little marked. The mouse died during the night following the inoculation of pneumococci. In the immunized mouse many leucocytes and a few extracellular cocci, mostly in short chains, were found at the end of the 1 hour and 10 minute period. Some of these free chains were isolated into hanging drops of peritoneal fluid and grew at apparently the normal rate. Phagocytosis was marked, and the number of cocci found in phagocytes was apparently su~cient to account for the diminution of free cocci in the peritoneal fluid. At the end of the 4 hour period and thereafter no extracellular bacteria could be found, although they were distinctly demonstrable in leucocytes at the end of 8 hours.
It was demonstrated that cocci contained within leucocytes of the immunized mouse were viable as late as 6 hours after inoculation and 2 hours after the period when extracellular cocci had apparently disappeared. This was proved by the following experiment.
Hanging drops made of the peritoneal fluid both undiluted and diluted in broth were allowed to incubate, and were then stained by means of a capillary pipette under microscopic control. These preparations were compared with similar preparations made from drops which were stained before incubation. In some leucocytes there was apparently no growth of cocci during incubation and the bacteria in some instances appeared to have degenerated. In others, small colonies had formed in and around the phagocyte. No evidence of bacteriolysis was found which could be ascribed to the effect of the homologous serum. A few free bacteria stained irregularly, but in no larger proportion than may be found in normal serum.
Hanging drop and plate cultures of peritoneal fluid were in all cases compared with films on slides subsequently stained by Gram's method and with Manson's methylene blue. The immunized mouse remained alive and well 6 days after the experiment.
In another experiment extracellular cocci taken from the peritoneal fluid of an immunized mouse were isolated in hanging drops containing a mixture of peritoneal fluid and broth. These cultures showed growth at fully the normal rate, five generations in 2{ hours. In this case the mouse had received 0.2 cc. of homologous serum, followed by 0.05 cc. of a culture of Pneumococcus Type I, the first transfer from the heart's blood of a mouse. Tests in hanging drops had shown that practically all the bacteria inoculated were viable. This mouse had received no injection of bacteria or serum previous to the day of the experiment. The peritoneal fluid for the test was removed 35 minutes after injection of the bacteria. Phagocytosis was marked. After 1 hour and 25 minutes the fluid contained no free bacteria.
Growth Rate in Vivo in the Peritoneal Fluid of the Passively Immunized
Mo~se.
As noted in the previous experiments non-phagocytosed pneumococci isolated from the peritoneal cavity of the mouse grow in hanging drops at the normal rate. It was next proposed to ascertain whether growth takes place in vivo in the peritoneal fluid and to attempt to determine approximately the rate of growth, advantage being taken of the tendency of Pneumococci Type I to adhere in chains in homologous serum. These experiments were suggested by the observation that extracellular pneumococci found after 1 or 2 hours in the peritoneal cavity were usually in chains. One protocol will illustrate the method and results.
A mouse was given intraperitoneally 0.2 cc. of Type I serum. About 1½ hours later it was given a dose of Type I culture. The inoculum was prepared as follows: A rabbit blood broth culture was incubated until it became well clouded and examination of hanging drops showed that most of the chains had broken up. A portion of the culture was then centrifuged at low speed for about 5 minutes, in order to throw down the chains. The supernatant fluid was nearly clear and hanging drop examination showed that no long chains remained. A series of cells was isolated in hanging drops and all proved viable and actively dividing. 0.4 cc. of the supernatant fluid was inoculated intraperitoneally. A sample of peritoneal fluid was taken in about 2 minutes, a second sample 60 minutes later, and further samples at 30 minute intervals. The samples were placed on slides with little spreading, dried, fixed in alcohol, and stained with Manson's methylene blue. The incidence of pneumococci in pairs or in chains of various lengths was noted in several fields taken at random. The results of the countings are given in Table VII .
Samples taken at 150 minutes and later showed nearly all the chains either in phagocytes or broken into irregular groups. Up to the fourth sample the chains were fairly intact, owing to the capsular material which held them together. A few chains in the fourth sample had begun to break up. Phagocytosis became marked at 90 minutes, bacteria became fewer, and an increasing proportion of the contents of the phagocytes consisted of longer chains. Few single pairs were found at the end of 60 minutes. The mouse recovered.
By comparing the incidence of chains in the different samples in Table vn it becomes evident that growth was going on at a rate of about one generation in 30 minutes. In the first sample most of the cocci were in single pairs, with the next greatest number in chains of two pairs. 60 minutes later the greatest number of cocci were in chains of 4 and 4 to 8 pairs. 30 minutes later the largest number of cocci were in chains of 8 and 8 to 16 pairs. This indicates that the rate of division in the peritoneal cavity approximates the usual rate observed in hanging drop cultures. 
Length of Chains of Pneumococci in Samples of Fluid Recovered from the Mouse
Peritoneum. 1" Some single pairs occur in clusters, probably from broken chains. Three 3 pair chains, four 6 pair, and six irregular chains are not included.
A parallel experiment with Type I pneumococcus was done on a mouse which had received during the 10 days previous to the experiment three doses approximating 0.05 to 0.1 cc. each of broth culture of pneumococcus together with homologous serum. These inoculations had been made in connection with other experiments and some active immunity may have been conferred on the mouse. This mouse was passively immunized on the day of the experiment and almost exactly the same procedure was followed as in the experiment described in Table VII . The results were similar except that in this case the chains held intact longer and could be counted at the end of 205 minutes, when chains of 64 to 128 could be found. About the same growth rate was observed as in the previous experiment. This mouse also recovered.
Similar experiments were also done with Pneumococcus Type II. This type proved less favorable, since the chains lost their identity earlier and tended to fuse into masses, owing to the more abundant formation of capsular material. In one experiment, however, three samples taken at about 30 minute intervals gave similar results to those of the Type I experiments. In this experiment only 0.2 cc. of supernatant culture fluid was given. Phagocytosis began in about 30 minutes and continued actively. However, this mouse died 4 days after inoculation with pneumococcus.
Apparently the. growth of extracellular pneurnococci in the peritoneal cavity of the immunized mouse continues until the chains or groups are overtaken by phagocytosis, and the growth of some portion, at least, of the cells continues at a geometrical rate. A few chains were noted in which a part of the members failed to take the stain deeply. This can hardly be considered as due to the action of the immune serum, since a similar phenomenon is sometimes observed in chains formed in undiluted normal blood or serum. At all events, the proportion of such degenerated cells in the mouse peritoneum is too small for us to ascribe much importance to this phenomenon as a factor in the disappearance of the bacteria.
Capsule formation was marked in the peritoneal cavity of the immunized mouse, but in Type I pneumococcus infection this apparently interfered little with phagocytosis. In Type II infection groups of bacteria formed thick gelatinous masses, which may have offered some mechanical hindrance to the phagocytes, but there is no proof in these experiments that these capsules were an important element in the protection of the bacteria. DISCUSSION. The studies which have been described, in which the single cell method of cultivating bacteria was employed, have not been successful in demonstrating that immune antipneumococcic serum owes any of its effect to any power of inhibiting the growth of pneumococci. While it is still possible that the serum may have such an effect, it has not been possible to demonstrate it by the method employed. That antipneumococcic serum has a high protective and curative value has been demonstrated, but the mechanism of this action is still not entirely clear. The attempts to analyze its mode of action have so far only succeeded in showing that it has the power of causing marked agglutination of homologous organisms and of changing the organisms so that they undergo phagocytosis. The work of Bull (7, 8) shows that the agglutination of bacteria in vivo is probably a more important phenomenon in immunity and recovery than was formerly believed. The fact that the protective power of any lot of antipneumococcic serum, as tested in vitro, is not always proportional to its agglutinating power is opposed to the assumption that agglutination is of paramount significance. The exact importance of the property of facilitating phagocytosis has also not been thoroughly determined. The fact that the only real test of antipneumococcic serum is its action in vivo, in protecting the life of infected animals, seems to indicate that its effect depends, in part at least, on properties which are only manifested in vivo and the nature of which are not yet fully understood.
CONCLUSIONS.
1. Under the conditions stated pneumococci grow as readily in the serum of horses highly immunized to the homologous organism as they do in normal horse serum, and the rate of growth is not appreciably diminished.
2. This failure of immune serum to affect the growth rate is not altered when fresh rabbit blood, fresh human blood, or rabbit blister fluid is added in order to supply any hypothetical complement which might be lacking.
3. We have not been able to show that when immune horse serum is injected intravenously into rabbits or intraperitoneaUy into mice, it acquires the property of killing pneumococci or inhibiting their growth.
4. Experimental evidence has been obtained indicating that in the peritoneal cavity of the passively immunized mouse the growth of extracellular pneumococci continues at apparently the normal rate, until the bacteria are engulfed by phagocytes.
5. The immunizing and protective power of antipneumococcic serum probably depends, in part at least, on properties which are not
